Abstarct. This study with constant shear friction uses DEFORM 2D software to perform FEM simulation of backward extrusion, and compares to SUPERFORM FEM simulation to realize the variations of forming conditions with the punch force and the final cup height. Effects of frictional factor, punch nose face angle, punch nose radius, and punch seizing length on equivalent stress, equivalent strain, velocity field, punch force, and deformed shape can be explored. Meanwhile using both FEM softwares to simulate can realize variations of both models in order to provide the reference of backward extrusion.
Introduction
Chen et al. [1] studies effects of the extrusion ratio of backward extrusion on grain refinement of AZ31 magnesium alloy. The result points out that as heating the material to 250°C the better the mechanical property the larger the extrusion ratio. Matsumoto et al. [2] explores the forming limit of AZ31B magnesium alloy using cold backward extrusion and cylinder compression. The punch adopts the cone taper to realize the effect of cone taper on the strain. As the cone taper increases, the strain induced increases. Long et al. [3] use ABAQUS commercial analysis software to analyze the plastic deformation, temperature distribution, and elastic deformation of dies.
Bakhshi-Jooybari and Saboori [4, 5] think how to increase the dies life and avoid the dies failure are very important in the metal forming process. Different mold shapes, cones and arcs have been considered to perform the forward and backward extrusions, besides the slab method and ABAQUS software analysis have been used to get the optimal forming force. Uyyuru et al. [6] uses new physical model and Deform FEM simulation to explore the plastic deformation and final cup height of Al alloy under different frictions in backward extrusion. Kim et al. [7] performs the backward extrusion of square shape under large aspect ratio, as the aspect ratio is larger, the final cup height is hard to control; where the earring is occurred. In the paper MSC Superforge software is used to do simulation analysis, and use the ring test to obtain the frictional factor and frictional coefficient with AL1100-0 work-piece. Barisic et al. [8] use Lab View commercial software to design multi-factors mathematical modal according to the compression experiment to get the forming force of backward extrusion by the regression analysis. Li et al. [9] explore backward extrusion of the composite material with AL6061 alloy and silicon to observe the grain size and distribution under various extrusion ratios using SEM. Danckert [10] studies the influence of the punch land in backward can extrusion. Adjusting the punch inclined to reduce the vibration of punch force and non-uniform cup thickness using the FEM analysis. Hur et al. [11] investigate into the elastic behaviour for stress ring of dies using ANSYS, and using DEFORM to get the backward extrusion forming process.
In the study, the Deform and Superform softwares have been used to explore the variations and acceptance. Effects of frictional factor, punch nose face angle, punch nose radius, and punch seizing length on effective equivalent stress, equivalent strain, velocity field, punch force, and deformed shape can be explored. 
FEM simulations
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The schematic diagram of backward extrusion is shown in Fig. 1 . In the Fig. 1 , the work-piece is a cylinder, the punch is going down with the velocity, 0 V , the friction is assumed as a constant shear friction.
The schematic diagram after the backward extrusion is shown in Fig. 2 , the final cup height can be obtained. The work-piece material is a copper, C1100, the flow stress is shown in Fig. 3 . As seen in Fig. 3 , the solid line is obtained by the experiment; the dash line is obtained by the curve fitting with power law,
Firstly, the preprocess setup by CAD considering axis-symmetry is shown in Fig. 4 . With a view to avoiding the calculation error, the convergence analysis is necessary to perform as shown in Fig.   5 . From Fig. 5 , the element is a quadrilateral with four nodes, and the 8 various element numbers are considered from rough to fine mesh. The friction is 0.1; the punch nose face angle is 80o; the punch velocity is 1mm/s. The convergence error is ±1% in this analysis; the formula is expressed as below:
(1) The exact datum are shown in Table 1 ; the model 5 (element numbers 7000) is good for the analysis, the convergence error is -0.19%. Advanced Materials Research Vol. 579 45 Table 1 The datum for convergence analysis.
Results and Discussions
In this paper, the variations of results obtained by Deform and Superform softwares have been compared. The simulation conditions are demonstrated in Table 2 . Fig. 6 shows variations of punch force with frictional factor for both FEM simulations. The punch force increases with an increase of frictional factor for both FEM simulations. The punch force obtained from Deform is slightly higher than that obtained from Superform. The error is round 3% between both FEM simulations. The error is round 1.5% between both FEM simulations. As the frictional factor increases the flow resistance increases, therefore the final cup height is reduced. That is because the contact area is reduced as the punch nose face angle increases. Thepunch force obtained from Deform is slightly lower than that obtained from Superform. The error is round 8% between both FEM simulations.
Advanced Materials Research Vol. 579 The final cup height obtained from Deform is slightly lower than that obtained from Superform. The final cup height slightly increases with an increase of punch nose face angle for both FEM simulations. That is because the contact area is reduced so that the material is easy to flow as the punch nose face angle increases. The error is round 1.5% between both FEM simulations. As the punch nose face angle increases the flow resistance decreases, therefore the final cup height is increased. Fig. 10 shows variations of punch force with punch nose radius for both FEM simulations.The punch force slightly decreases with an increase of punch nose radiusfor both FEM simulations. That is because the material flow smoothly as the punch nose radius increases. The punch force obtained from Deform is slightly lower than that obtained from Superform. The error is round 8% between both FEM simulations. Fig. 11 shows variations of final cup height with punch nose radius for both FEM simulations. The final cup height obtained from Deform is slightly lower than that obtained from Superform. The final cup height slightly increases with an increase of punch nose radius for both FEM simulations. That is because the contact length is more so that the material flow rate is slow as the punch nose radius increases. The error is round 1.5% between both FEM simulations. Fig. 10 Variations of punch force with punch nose radius for both FEM simulations.
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Advanced Manufacturing Focusing on Multi-Disciplinary Technologies Fig. 13 shows equivalent strains for both FEM simulations. The maximum equivalent strain occurs near the exit of seizing part for both simulations. The maximum equivalent strain from Deform (4.67mm/mm) is smaller than that from Superform (4.9 mm/mm). Fig. 14 shows velocity field for both FEM simulations. The maximum velocity occurs near the exit of seizing part for both simulations. The maximum velocity from Deform (1.03 mm/s) is slightly smaller than that from Superform (1.04 mm/s). It is noted the dead zone occurs in the bottom die angle.
Conclusions
Through a series of simulation results of backward extrusion, the effects of forming conditions on the punch force and final cup height have been summarized in Table 3 . In Table III , "↗"denotes the result increases with an increase of forming condition;"↘"denotes the result decreases with an increase of forming condition. The major results are described as below: 
